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ABSTRACT

KEY WORDS  

Systemic therapy for advanced pancreatic cancer has been largely disappointing owing to the unfavorable pharmacoki-
netic profile and poor penetration of current chemotherapeutic agents ,as well as the fragile patient population with 
compromised tolerance to toxic chemotherapies. Nanovectors can provide passive drug delivery through abnormal tu-
mor neo-vasculature microanatomy or active targeting via binding to receptors or macromolecules associated with the 
tumor. In such a manner, nanovector-based therapy may not only modulate the pharmacokinetics and therapeutic index 
of chemotherapeutic agents but also provide new treatment options in patients with advanced pancreatic cancer. In this 
article, we present the rationale and currently available clinical results of nanovector-based therapies to highlight the po-
tential use of this class of agent in patients with advanced pancreatic cancer.
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Introduction

Pa nc re at ic  c a nc e r  i s  one of  t he mo s t  de t r i ment a l 
mal ignancies and the four th most common cause of 
cancer-related death in the United Stated. There were 
43,14 0 newly diagnosed cases and 36,80 0 deaths in 
2010 (1). Early detection is uncommon with no more 
than 15–20% of the patients being amenable for curative 
intent surger y at the t ime of diagnosis. Gemcitabine 
either alone or in combination with erlotinib are the 
only approved treatments for patients with advanced 
pancreatic cancer, of whom the overall survival time is 
generally around 6 months (2-5). Recently, Conroy et 
al showed that a gemcitabine-free triplet chemotherapy, 
FOL F I R I NOX re g i men c on s i s t i n g of  ox a l ipl at i n , 
i r i notec a n a nd i n f u siona l  5 -F U/ leucovor i n ,  cou ld 

ac h ie v e s i g n i f ic a nt l y  be t ter  t u mor re s pon se r ate , 
prog ression-f ree su r v iva l a nd overa l l su r v iva l t ha n 
gemcitabine monotherapy in patients with metastatic 
pancreatic cancer in a randomization phase III trial (6,7). 
However, the appl icat ion of either doublet of tr iplet 
combination chemotherapy in patients with advanced 
pancreatic cancer is often hindered by their toxicity and 
the performance status of the patients.

New treatment strategies are mandatory to improve 
the therapeutic outcomes of pat ients w ith advanced 
pancreatic cancer. Recently, two major potential new 
approaches are emerging that may have the chance to 
change our pract ice in treat ing advanced pancreat ic 
cancer. The first one is molecular targeted agent targeting 
on dysregulated signaling pathway and the second is 
the use of nanovector drug delivery system to provide 
‘passive” or “act ive” target ing dr ug del iver y thus to 
modulate the pharmacokinetics and therapeutic index of 
chemotherapeutic agents in pancreatic cancer (8). 

This review wil l focus on the selective nanovector 
treatments in pancreatic cancer, especially those with 
av a i l a ble  c l i n ic a l  d at a ,  i nc lud i n g a l bu m i n - bou nd 
nanoparticles, l iposome-encapsulation nanoparticle, 
cationic liposomal nanoparticle, polymeric micellar agents, 
and a non-replicating, retroviral vector delivered gene 
therapy construct.

Albumin-bound Nanoparticle Paclitaxel (Nab-
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paclitaxel)
 

Albumin is a particular vehicle for drug delivery in oncology 
because it is a natural carrier of hydrophobic molecules 
with reversible, noncovalent binding characteristics and 
able to enhance the delivery of drug into the extravascular 
space through a process of receptor-mediated endothelial 
transcytosis. Such process is initiated by the binding of 
albumin to an endothelium surface, 60-kDa glycoprotein 
(gp60) receptor (albondin), which will then bind with 
an intracel lu lar protein (caveol in-1) to result in the 
invag inat ion of the endothel ium membrane to form 
transcytotic vesicles, the caveolae (9). The caveolae will 
subsequently move across the cytoplasm and release the 
albumin and its conjugated compound into the extracellular 
space (the peritumoral microenvironment) where the 
albumin will bind to SPARC (secreted protein acid and 
rich in cysteine), an extracellular matrix albumin-binding 
glycoprotein that is structurally and functionally closely 
related to gp60, and overexpressed in a variety of cancers, 
including breast cancer, gastric cancer and pancreatic 
cancer. 

Nab-paclitaxel (Abraxane) is a cremophor (CrEL)-free, 
albumin-bound, nanoparticle formulation of paclitaxel. 
Its CrEL-free formulation permits nab-paclitaxel to be 
administered within a shorter infusion period of time 
(30 minutes) and without the requirement of routine pre-
medications for preventing the hypersensitivity reactions in 
association with the administration of cremophor solvent-
based paclitaxel (10). In preclinical study, the transport of 
radiolabeled paclitaxel across the endothelial cell monolayer 
in vitro, and intratumor paclitaxel accumulation after equal 
doses of paclitaxel in vivo were both significantly enhanced 
by 4.2-folds (P < 0.0001) and 33% (P < 0.0001), respectively, 
for nab-paclitaxel as compared with CrEL-paclitaxel with 
an increase 4.2 folds. In addition, endothelial transcytosis 
was completely inhibited by inhibitor of gp60/caveolar 
transport, methyl ß-cyclodextrin (11). These observations 
supported that gp60-mediated transcytosis and SPARC-
aided sequestration may be an important biological pathway 
to target tumor cells by novel albumin-bound therapeutics.

In a phase I trial, the maximum tolerated dose (MTD) 
of intravenous injection nab-paclita xel monotherapy, 
every 3 weeks in 19 patients with standard therapy-failure 
solid tumors was 300 mg/m2. No acute hypersensitivity 
reactions were observed. The most frequent toxicities were 
myelo-suppression, sensory neuropathy, nausea/vomiting, 
arthralgia and alopecia (12). The drug has subsequently 
approved for the treatment of metastatic breast cancer after 
failure of combination chemotherapy or relapse within 
6 months of adjuvant chemotherapy. The commonly 

used dose/schedule was 260 mg/m2, 30-min intravenous 
injection, every 3 weeks.

Because SPA RC is f requent ly overex pressed a nd 
associated with poor clinical outcomes in pancreatic cancer, 
Von Hoff et al conducted a phase I/II study to evaluate the 
MTD of weekly nab-paclitaxel (100 – 150 mg/m2/week) 
in combination with gemcitabine (1000 mg/m2/week), 
and the therapeutic efficacies of the regimen. Both agents 
were given on day 1, 8, and 15 every 28 days (13). A total of 
67 patients were treated. Despite MTD of nab-paclitaxel 
was determined as 125 mg/m2/week, dose reduction was 
required in 30% (6/20), 18% (8/44) and 33% (1/3) of 
patients receiving 100 mg/m2, 125 mg/m2 and 150 mg/m2, 
respectively. The most common grade 3-4 toxicity at the 
MTD dose were fatigue 23%, neutropenia 59% (grade 4 in 
23%), thrombocytopenia 20% (grade 4 in 9%) and sensory 
neuropathy in 9%. Of the 58 patients whose CT image were 
revaluated with RECIST criteria by independent reviewer, 
the best tumor response was partial response in 40% and 
stable disease in 37%, with an overall disease control rate 
of 78%. The median progression-free and overall survival 
of the intent-to-treat (N=67) patients were 6.9 months and 
10.3 months, respectively; while the survival parameters for 
the 44 patients receiving MTD dose were 7.9 months and 
not yet reached, respectively. Of 54 patients with available 
CA19.9 level, 42 (77.8%) patients had a more than 50% 
reduction of CA19.9 level after the treatment (14). The 
therapeutic efficacy of nab-paclitaxel in combination with 
vandetanib, a potent inhibitor of VEGF2, RET and EGFR, 
has also been evaluated in a phase I trial with expansion 
cohort of patients with pancreatic cancer (15). The MTD 
of vandetanib in combination with two different schedule 
of nab-paclitaxel, either 100 mg/m2 weekly or 260 mg/
m2 every 3 weeks, was 300 mg daily. Of the 29 enrolled 
gemcitabine-refractory pancreatic cancer patients, the best 
tumor was partial response in 6 (20.7%) and stable disease 
in 10 (34.5%), and the median progression-free survival and 
overall survival were 5.3 (95% CI: 3.7 to 7.3) months and 
8.2 (95% CI: 6.2 to 11.5) months, respectively. No statistical 
signif icant correlation bet ween SNP (rs1059829 and 
rs3210714) of SPARC and clinical outcomes was observed.

Liposome-based Drugs

A l iposome is of ten a spherical vesicle w ith a bi layer 
membrane whose size typically ranges from ~40 nanometers 
to several microns. Because the micro- or nanoparticles 
can form spontaneously and are generally easier to prepare 
compa red to v i ra l-med iated s ystems, t h is nontox ic 
phospholipid-based drug carrier has become a favorable 
drug delivery system for various purposes since the 1970s. 
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However, so-called conventional liposomes are easily bound 
with insoluble circulating plasma protein, i.e. opsonins 
and lipoproteins, and the complex will be subsequently 
eliminated from the circulation by reticuloendothelial cells 
system. Stealth liposome technology, with incorporationof 
high molecular weight polymers (i.e., polyethylene-glycol 
(PEG)) to the liposome surface, can effectively protect the 
liposome from circulating protein binding and subsequently 
phagocytosis by RER system, and thus improving its plasma 
clearance, prolonging the circulation time, and enhancing 
drug delivery efficacy.

Besides its characteristic slow-release pharmacokinetic 
property, liposome encapsulated drugs can potentially 
provide improved tumor localization via the “enhanced 
permeability and retention” (EPR) effect. Such agents can 
therefore, (i) lower drug elimination to increase systemic 
circulation time, (ii) lower maximum plasma concentration 
(Cma x) to reduce drug side effects, (iii) enhance tumor 
tissue uptake and exposure to the anti-cancer drug; these 
principles can in turn yield an improved therapeutic index 
for cancer therapy.

Several liposomal formulated cancer drugs have been 
evaluated in various cancers, but only a limited number 
have been applied to pancreatic cancer.

Liposomal Doxorubicin

The first liposomal anti-cancer drug approved by the Food 
and Drug Administration (FDA) was pegylated liposomal 
doxor ubicin (Caely x/Dox i l) in 1995 for Kar posi ’s 
sarcoma (16-18). It has been subsequently approved for the 
treatment of multiple myeloma and recurrent epithelial 
ovarian cancer as well . It a lso has been evaluated for 
the treatment of pancreatic cancer in animal xenograft 
model and in clinical trials. In a preclinical study, Vagge 
et al showed that pegylated liposomal doxorubicin was 
signif icantly more ef fective in inhibit ing the grow th 
of human pancreatic cancer xenograft in nude mice as 
compared to free form doxorubicin (19). Using confocal 
laser scanning microscopy and microf luor imetr y to 
quantitate the uptake of intravenously injected doxorubicin 
in tumor tissue, the authors found that the content of 
doxorubicin in tumor site of animal receiving liposomal 
formulated drug was 6 folds or higher compared to free 
doxorubicin. Based on the results, Halford et al conducted 
a phase II trial to evaluate the therapeutic eff icacy of 
Caely x in 22 chemo-naïve patients with unresectable 
pancreatic carcinoma. The dose was escalated from 30 
mg/m2 (in the first two patients) to 50 mg/m2 intravenous 
injection every 3 weeks (20). Of the 20 patients received 
the treatment, the most common grade 3 toxicity were 

stomatitis (20%) and nausea (10%), the best tumor response 
was stable diseases in 6 (30%), and the median overall 
survival was 3.2 months with one year survival rate of 10%. 
These finding excluded the use of Caelyx® monotherapy in 
the treatment of advanced pancreatic cancer.

The combination of Caely x with infusional 5-FU/
leucovorin and mitomycin-C has been evaluated in a phase 
I trial in patients with upper gastrointestinal cancer. In 
that study, escalating dose of Caelyx (15 – 35 mg/m2) day 
1 and 29 in combination with weekly 24-hour infusion of 
5-FU and leucovorin (2,000 and 500 mg/m2, respectively) 
for 6 weeks, and mitomycin-C 7 mg/m2 day 8 and 36, 
every 8 weeks as one cycle. The most common grade 3-4 
toxicities were nausea/vomiting (29%), diarrhea (18%) 
and leucopenia (12%). Of the 14 accruals with pre-treated 
pancreatic cancer, the best tumor response was partial 
response in one and minor response in 2, and the overall 
survival after the study treatment was 6.5 months (21).

Liposomal Platinum

Platinum is one of the most active and wildly used anti-
cancer agents in the world, including in combination 
w ith gemcitabine to treat non-smal l cel l lung cancer 
and pancreatic cancer. A lthough each single trial had 
fai led to demonstrate the superiority of gemcitabine/
platinum combination over gemcitabine single agent in 
the prolongation of the survival in patients with advanced 
pa ncreat ic ca ncer, however, t he su r v iva l benef it of 
gemcitabine/platinum doublets was demonstrated in a 
pooled, meta-analysis survival with a hazard ratio of 0.81, p 
= 0.031 (22).

It is also well known that the use of cisplatin is frequently 
limited by its nephrotoxicity, peripheral sensory neuropathy, 
ototoxicity and the aggravation of hematological toxicity 
while in combination with other cytotoxic agents. Therefore, 
several l iposomal formulations of cisplatin have been 
developed aiming to reduce its toxicity profile and hopefully 
to enhance it activity. Based on previous experience of 
gemcitabine/cisplatin combination and the result of meta-
analysis, several liposomal formulated cisplatin have been 
evaluated in patients with pancreatic cancer. 

L i p o p l a t i n  i s  o n e  o f  t h e  p e g y l a t e d  l i p o s o m e 
cisplatin, whose nanoparticulate liposomes are reverse-
m i sc e l le s ,  c ompo se d of  d ipa l m itoy l  pho s ph at id y l 
glycerol (DPPG), soy phosphatidyl chol ine (SPC-3), 
cholesterol and methoxy- polyethylene glycol-distearoyl	
phosphatidylethanolamine (mPEG2000-DSPE). Lipoplatin 
exhibits the fundamental pharmacologic characteristics 
of pegylated liposomal agents, for example, protecting 
from the engulfment of reticuloendotheral ia l system 
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to prolong circulating time, and extravasating from the 
fenestrate between endothelial cells of tumor vasculature 
to preferentially localize in per-tumor interstitial tissue and 
uptake by tumor cells. The anionic, fusogenic nature of the 
DPPG lipids enables lipoplatin to cross cell membranes 
more easi ly t ha n nat ive c isplat i n. I n add it ion, w it h 
intraperitoneal injection of a “sheath” liposomes wrapped 
reporter β-galactosidase gene, which had same structure 
l ike l ipoplatin, into human tumor bearing nude mice, 
Boulikas et al were able to demonstrate the preferential 
expression of the reporter gene in the tumor and the 
tumor neo-vasculature. The findings indicate the potential 
antiangiogenic activity of the lipoplatin (23). 

In phase I trial of l ipoplatin monotherapy, the drug 
was diluted in 5% glucose water and administered as 8 
hour intravenous infusion every 14 days. The dose was 
escalated from 25 mg/m 2 to 125 mg/m 2. Even at the 
targeted dose of 125 mg/m2, only grade 1-2 gastrointestinal 
and hematological toxicities were observed, but neither 
nephrotoxicity nor neuropathy. Higher doses, 200, 250 
and 300 mg/m 2, were also tested in one each patient, 
respectively. The half-l i fe of l ipoplatin was estimated 
ranging from 60 – 117 hours. Of the 27 accruals (19 with 
pretreated, advanced pancreatic cancer) in this phase I trial, 
the objective tumor response rate and disease control rate 
were 11.1% and 63.0%, respectively. Based on the exciting 
results, the drug has been further tested in combination 
w it h gemcitabine in non-sma l l cel l lung cancer and 
pancreatic cancer patient cohorts (24).

In a phase I/II study, Stathopoulos GP et al evaluated the 
maximum tolerated dose of lipoplatin in combination with 
gemcitabine in patients with previously treated advanced 
pancreatic cancer (25). Lipoplatin was given as an 8-hour 
infusion followed by 60 minutes infusion of 1,000 mg/m2 
of gemcitabine at day 1 and 15 every 28 days. The dose of 
lipoplatin was stepwise escalated from 25 mg/m2 to 125 
mg/m2. Of the 24 enrolled patients, two of four patients at 
125 mg/m2 experienced grade 3-4 neutropenia. Therefore, 
the MTD of lipoplatin in this combination was determined 
to be 100 mg/m2. In this dose escalating study, there were 
two (8.3%) partial responders and 14 (58.3%) disease 
stabilizers, and the median overall survival was 4 month. 
Further randomized phase II/III trial against gemcitabine 
monotherapy is under evaluation.

Liposome-entrapped cis-bisneodecanoato-trans-R,R-
1,2-diaminocyclohexane (DACH) platinum(II) (L-NDDP, 
Aroplatin™) is a lipophilic cisplatin analog that has been 
formulated in relatively large-size multi-lamellar liposomes 
measuring from 1 to 3 µm in diameter. L-NDDP has been 
demonstrated to be non–cross-resistant with cisplatin in 
cisplatin-resistant Lovo DDP 3.0 (human colon cancer 

cells) and L1210/PPD (human leukemia cells) both in 
vitro and in vivo models. In a phase I study, L-NDDP was 
given intravenously once every 4 weeks, ranging from 
7.5 mg/m2 to 390 mg/m2 (26). The infusion rate was set 
at 4 mg NDDP per minute for all cases. In this particular 
study, intra-patient dose escalation was allowed. Grade 
1-2 nausea/vomiting, diarrhea and fever were frequently 
observed in patients receiving 100 mg/m2 or higher dose 
of L-NDDP. Six out of the 10 patients who had 390 mg/m2 
experienced grade 4 hematological toxicities manifesting as 
thrombocytopenia, granulocytopenia or both. The MTD of 
intravenous L-NDDP every 4 weeks was determined as 300 
mg/m2. In 2004, Aronex Pharmaceuticals had registered a 
phase I/II study of L-NDDP and gemcitabine combination 
in patients with advanced pancreatic cancer resistant 
to standard therapy in a public clinical trial registration 
website, the cl inicaltr ia ls .gov, w ith an indenti f ier of 
NCT00081549. Unfortunately, the latest trial information 
was updated in June 2005, and no further publication on 
this trial can be found. 

Liposomal Irinotecan (Nanoliposomal CPT-11, 
PEP02, MM-398)

Irinotecan hydrochloride (CPT-11) is a water-soluble 
semi-sy nthetic der ivat ive of camptothecin targeting 
topoisomerase I, and has been an approved agent for the 
treatment of metastatic colorectal cancer worldwide, and 
also for gastric cancer (Japan and Korea),  non-small cell 
lung cancer, small cell lung cancer, cervical cancer, and non-
Hodgkin’s lymphoma in Japan. In pancreatic cancer, earlier 
trial showed that combination of gemcitabine and CPT-11 
did not provide any survival benefit over gemcitabine 
monot herapy i n pat ients w it h adva nced pa ncreat ic 
cancer, and thus CPT-11 has not been considered to be a 
clinically useful drug in this disease. However, in the recent 
PRODIGE 4/ACCORD 11 trial, Conroy et al demonstrated 
that a gemcitabine-free, CPT-11-containing regimen, 
FOLFIR INOX (CPT-11, oxaliplatin plus intermittent 
infusion of 5-FU/leucovorin), provided significantly better 
objective tumor response rate, progression-free survival 
and overall survival versus gemcitabine monotherapy in 
patients with metastatic pancreatic cancer. Notable and 
not unexpectedly, this triplet regimen is associated with 
significant hematologic toxicity including higher rates of 
grade-3/4 febrile neutropenia. The results of the PRODIGE/
ACCORD 11 trial have revived interest in CPT-11-based 
therapy in advanced pancreatic cancer (6,7).

Although the original CPT-11 drug is now of interest 
in pancreatic cancer management, potentially superior 
versions incorporating drug delivery technologies offer a 



Journal of Gastrointestinal Oncology, Vol 2, No 3, September 2011 189

next generation approach. CPT-11 exhibits well-known 
phar macolog ic l iabi l it ies and signi f icant associated 
toxicities, which in turn make it an obvious candidate for 
drug delivery strategies The camptothecins exist in a pH-
dependent equilibrium between an inactive carboxylate 
form (predominant at neutral-to-basic pH) and an active 
lactone form (predominant under acidic conditions); 
hence, intravenous injection of free CPT-11 results in rapid 
inactivation as well as clearance. Furthermore, CPT-11 
is largely a prodrug which is converted into the much 
more potent metabolite SN-38. Hepatic activation and 
hepatobiliary excretion of SN-38 result in substantial risk of 
GI injury, especially in individuals having impaired SN-38 
glucuronidation. These metabolic conversions contribute 
to notable heterogeneities in both efficacy and toxicity, and 
ultimately to a rather narrow therapeutic index. The concept 
of nanoparticle delivery of CPT-11 is thus very attractive 
based on potential advantages including: overcoming 
solubility limitations of the camptothecins; protecting 
drug in the active lactone configuration; chaperoning drug 
away from sites of toxicity such as the GI tract; prolonging 
circulation time and increasing tumor accumulation via 
the enhanced permeability and retention (EPR) effect; and 
providing sustained release and prolonged tumor exposure.

To realize the potential advantages of nanoparticle 
del iver y, a novel l iposome-based const r uc t ter med 
“nanoliposomal CPT-11 (nLs-CPT-11)” was developed, 
which encapsulates CPT-11 with unprecedented efficiency 
and stability (27). PK studies showed long circulation times 
for the carrier and undetectable drug release in plasma. 
Furthermore, nanoliposomal CPT-11 provides protection of 
drug in its active lactone form within the liposome aqueous 
interior, preventing its hydrolysis as well as premature 
conversion to the potent and toxigenic metabolite, SN-38. 
This contrasts markedly with free CPT-11, which is rapidly 
cleared from circulation, is subject to immediate hydrolysis 
of t he lactone r i ng , a nd is a lso conver ted to SN-38 
contributing to its dose-limiting GI toxicity. 

I n a ser ies of precl i n ica l st ud ies , na nol iposoma l 
CPT-11 demonstrated significantly superior efficacy when 
compared to free CPT-11 at the same or higher dose, 
including frequent cures in some models. The superiority of 
nanoliposomal CPT-11 over free CPT-11 has been observed 
in different tumor models including colorectal, gastric, 
breast, cervical, glioma, pancreatic and lung cancer models. 
In addition to superior efficacy, nanoliposomal CPT-11 has 
shown a more favorable pharmacologic profile and reduced 
toxicity in multiple preclinical models.  

In order to evaluate this novel agent as a potential therapy 
for pancreatic cancer, a bioluminescence-based orthotopic 
xenograft model of pancreas cancer was developed (28). 

COLO357, a human pancreatic cell l ine, was passaged 
multiple times in vivo to generate the subline L3.6pl. This 
cell l ine was then modif ied by lentiviral transduction 
(L3.6pl-T) to express firefly luciferase. L3.6pl-T cells were 
implanted during open surgery directly into the pancreas 
of a nude mouse to form an orthotopic tumor xenograft. 
Therapeutic studies in this model compared nanoliposomal 
CPT-11 versus free drug at the equivalent dose, along with 
vehicle control (Figure 1). All treatments were administered 
intravenously by tail vein beginning at 7 days post-tumor 
implantation and continued weekly for a total of 3 planned 
treatments. At 20 mg/kg, free CPT-11 showed some tumor 
growth inhibition, but all mice required euthanization 
after 2 doses due to massive tumor progression. In contrast, 
nanoliposomal CPT-11 at the equivalent 20 mg/kg dose 
showed potent antitumor activity, including complete 
tumor inhibition during the entire post-treatment period. 
Systemic toxicity was not observed with any treatment. 
These studies indicated that nanoparticle- mediated delivery 
via nanoliposomal CPT-11 greatly enhances antitumor 
efficacy in the COLO357/L3.6pI-T orthotopic pancreatic 
xenograft model. 

I n t he f i rst-i n-hu ma n phase I t r ia l ,  pat ients w it h 
standard therapy-failure solid tumor were enrolled to 
determine the maximum tolerated dose, safety profile and 
pharmacokinetics of nanoliposomal CPT-11 (formerly 
PEP02, PharmaEngine, Inc., Taiwan, and now under the 
designation of MM-398, Merrimack Pharmaceuticals, Inc, 
USA). The drug was delivered intravenously for 90 minutes, 
once every 3 weeks, with starting dose of 60 mg/m2. The 
maximum tolerated dose was 120 mg/m2. Two patients 
achieved partial response including cervical cancer in 
one and pancreatic cancer in one (29). The observation 
was further extended in a phase I trial for nanoliposomal 
CPT-11in combination with weekly 24-hour infusion of 
high-dose 5-FU/LV (HDFL). In the two phase I trials, 7 
pancreatic cancer patients who failed gemcitabine/HDFL 
+/- platinum had received PEP02 with or without HDFL. 
The best response was partial response in one, stable 
disease in 4 and progressive disease in 2, which indicated 
a potential activity of PEP02 in treating gemcitabine-
refractory advanced pancreatic cancer. Based on these 
cl inical obser vations and precl inical results, cl inical 
testing of nanoliposomal CPT-11 was pursued in patients 
with gemcitabine-based chemotherapy failure advanced 
pancreatic cancer in an international phase II trial with the 
target of the primary end-point of 3-month overall survival 
rate (OS3-month) = 65%. The results have been presented at the 
2011 ASCO meeting (30). Of the 40 treated patients, more 
than three fourths had failed to first-line gemcitabine-based 
doublet or triplet chemotherapy. Mean cycle of treatment 
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Figure 1  Nude mice were orthotopically implanted with COLO357/L3.6pI-T xenografts into the pancreas. Following ip 
administration of luciferin, animals were immediately imaged using a Xenogen IVIS 100 bioluminescence system, and 
subsequently imaged at weekly intervals.  The signal was quantified by defining regions of interest (ROIs) and measuring 
photons/sec/str.  Quantitative BLI values at post implantation day 7 were used to assign mice to treatment groups of five 
mice per group.  Treatments included nanoliposomal CPT- 11 at 20 mg/kg, free CPT-11 at 20 mg/kg or vehicle control. All 
treatments were administered i.v. by tail vein injection beginning at 7 days post- tumor implantation and continued weekly 
for a total of 3 planned treatments. (A) Bioluminescence images of nude mice on weeks 1-7. (B) BLI values over time. Free 
CPT-11 treatment (diamonds) produced partial inhibition of tumor growth at initial time points, followed by rapid growth 
approaching that of the vehicle control group (+). Nanoliposomal CPT-11 treatment (circles) produced complete inhibition of 
tumor growth at all time points. 
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was 5.4 (range, 1 – 26) cycles. The most common G3/4 
toxicities were: neutropenia (30%), leucopenia (22.5%), 
anemia (15%), diarrhea (7.5%), and fatigue (7.5%). Dose 
modification due to adverse events was required in 10 (25%) 
patients. The best tumor response rate was partial response 
in 7.5% and stable disease in 40% (overall disease control 
rate of 47.5%). The overall survival was 5.2 months with 
a 3-month and 6-month survival rate of 75% and 42.5%, 
respectively. The results highlight the feasibility and activity 
of nanoliposomal CPT-11 in previously heavily treated 
patients with gemcitabine-refractory advanced pancreatic 
cancer, which deserves further exploration.

Cationic Liposome Encapsulated Paclitaxel 
(EndoTAG™-1)

Tumor angiogenesis, the formation of neovasculature 
from pre-existed peri-tumor vessels, is a crucial process 
in supporting the development and grow th of tumor 
mass, and the dissemination of tumor metastases. Tumor 
angiogenesis is mainly triggered by growth factors that 
are secreted by tumor cells per se and/or by miscellaneous 
types of cell within the microenvironment, for example, 
tumor associated macrophages or fibroblasts. Tumor vessels 
are often dilated and torturous, and characterized by large 
inter-endothelial cell gap (up to 100 – 600 nm versus < 6 
nm in normal vessels), aberrant pericytes and basement 
membrane coverage, overexpression of specific surface 
receptor or antigen, and the presence of negative charged 
macro-molecules for example, anionic phospholipids 
and glycoprotein. Based on these characters, several 
strategies have been used to develop neo-vascular targeting 
liposomal drugs, which include conjugating with specific 
antibody again surface antigen or receptor and modified, 
non-functional receptor binding ligand, or incorporating 
positive (cationic) charged molecules in the surface of 
l iposome. Of them, cationic l iposome is a unique and 
interesting approach (31). In a preclinical study, Kalra and 
Campbell showed 5-FU and doxorubicin-loaded cationic 
liposome could preferentially bind with human endothelial 
(HMEC-1 and HU VEC) rather than pancreatic cancer 
cells. (HPAF-II and Capan-1)(32). Subsequently, Eichhorn 
et al showed that both cationic lipid complexed paclitaxel 
(EndoTAGTM-1) and camptothecin (EndoTAGTM-2) could 
preferentially bind at endothelial cells of neo-vasculature 
in solid tumor preclinical model (33-35). The selectively 
targeting of both agents on tumor microvasculature was 
conf irmed by quantitat ive f luorescence microscopy. 
Further study suggested the anti-vascular effect of cationic 
l iposome encapsulated pacl ita xel (EndoTAGT M-1) is 
schedule-dependent with metronomic schedule better 

than the maximum tolerated dose schedule. In addition, 
the combination of EndoTAGTM-1 and gemcitabine could 
significantly inhibit the incidence of metastatsis in L3.6pl 
orthotopic pancreatic cancer mice model. 

Based on these data, EndoTAGTM-1, a cationic liposome 
(prepared from 1,2 dioleoyl-3-trimethyl- ammonium-
propa ne (DOTA P) a nd 1, 2 d ioleoy l- sn- g lycero -3 - 
phosphocholine (DOPC)) encapsulated paclitaxel, has 
been used in combination with gemcitabine to treat chemo-
naïve pancreatic cancer patients. The latest follow-up data of 
the four-arm randomized, phase II trial comparing weekly 
gemcitabine 1,000 mg/m2 alone versus gemcitabine plus 
twice weekly EndoTAGTM-1 at three different doses, 11, 22 
and 44 mg/m2) was presented in the 2009 ASCO Annual 
Meeting (36). Of the 200 chemo-naïve advanced pancreatic 
cancer patients who participated the study, 80% had 
metastatic diseases and 20% had locally advanced diseases. 
Disease-control rates in the gemcitabine monotherapy 
arm and the three gemcitabine plus EndoTAG-1 arms 
was 43% and ranging from 53% to 69%, respectively. The 
median progression-free survival time in corresponding 
group of patients were 2.7 months versus 4.1 to 4.6 months, 
respectively. The median overall survival time of patients 
receiving gemcitabine plus either high-dose (44 mg/m2) 
or intermediate-dose of EndoTAG-1 were 9.4 months and 
8.7 months, respectively, as compared with the 7.2 months 
in the gemcitabine monotherapy arm. The adjusted hazard 
ratio for overall survival for either arm was 0.72 (95% CI, 
0.46 to 1.13) and 0.67 (95% CI, 0.43 to 1.07), respectively. 
The data is exciting but large-scale study to validate the data 
is mandatory.

Polymeric Micelles

Polymeric micelles-based anticancer drug, consisting of the 
incorporation of chemotherapeutic agent into polymeric 
micelles in size of 20–100 nm, was originally developed 
by Professor Kataoka(37). The polymeric micelle has two 
major components, a polyethylene glycol (PEG) constituted 
hydrophilic outer shell and a cytotoxic chemotherapeutic 
agent incorporated hydrophobic inner core. The main 
action mechanism of the polymeric micelles is similar to 
lipomosal agents and through the passive targeting based 
on the enhanced permeability of tumor neo-vasculature 
and the impeding clearance of macromolecules from 
ly mphatic-def icient tumor interstit ia l t issue. Several 
cytotoxic chemotherapy-incorporating polymeric micellar 
nanopar t icles have been in cl inica l tr ia ls, including 
paclitaxel-incorporating PEG-polyaspartate (NK105), 
cisplatin-incorporating PEG-polyglutamate/cisplatin 
complex (NC- 6004) and SN-38-incor porating PEG-



Tsai et al. Nanovector-based therapies in pancreatic 192

ployglutamate/SN-38 (NK012). Of them, NC-6004 is 
currently evaluated in a phase Ib/II trial for patients with 
advanced pancreatic cancer, and will be discussed (38-41).

Cisplatin-incorporating Polymeric Micelles, 
NC-6004

In animal study, NC-6004 showed characteristic delayed 
total body clearance and higher area-under cur ve as 
compared with free cisplatin with a ratio of 1/19 and 65 
folds, respectively (42). In addition, both histopathological 
and biochemical studies suggested NC-6004 significantly 
reduced cisplatin-associated nephrotoxicity. In phase I trial 
for patients with refractory advanced solid tumor, escalating 
dose of NC-6004 was administered intravenously every 
3 weeks. Despite the implantation of pre-medication 
and post-therapy hydration, nephrotoxicity and allergic 
reaction were observed in patients receiving 120 mg/m2 
and further dose escalation was withheld. The MTD and 
the recommended dose were determined as 120 mg/m2 and 
90 mg/m2, respectively. Pharmacokinetic study showed 
the maximum plasma concentration and area under curve 
of ultra-filterable platinum after 120 mg/m2 of NC-6004 
were 1/34 and 8.5 folds of those with free cisplatin (43). 
Seven out of 17 accruals achieved stable diseases, including 
two of two pancreatic cancer patients who had NC-6004 
at dose level of 90 mg/m2. Perhaps owing to earlier meta-
analysis showed he combination of gemcitabine and 
platinum could significantly improved the overall survival 
of advanced pancreatic cancer patients as compared to 
gemcitabine monotherapy, NC-6004 is currently proceeded 
into a phase Ib/II trial to evaluate the maximum tolerated 
dose of NC-6004 in combination with gemcitabine and 
the therapeutic efficacy of the combination in patients with 
chemo-naïve advanced pancreatic cancer, clinicaltrials.gov 
identifier NCT00910741. 

Rexin-G

Rexin-G is a highly engineered, nonreplicating retroviral 
vector displaying a von Willebrand factor–derived collagen-
binding motif at its amphotropic envelope, and expressing a 
dominant negative cyclin G1 gene (44-46). This Willebrand 
factor-derived collagen-binding motif on the retrovector’
s surface enables the nanoparticle drug to seek and be 
selectively delivered to primary and secondary tumor 
sites where angiogenesis and collagen matrix exposure 
characteristically occur. The encoded dominant negative 
cyclin G1 gene will thus to disrupt tumor cell cyclin G1 
activity to lead to the destruction and/or growth inhibition 
of tumor. 

There were two dose escalating phase I trials evaluating 
di f ferent dose/schedule of Rex in-G in pat ients w ith 
gemcitabine-failed advanced pancreatic cancer. The first 
trial evaluating 3 dose levels of Rexin-G administered 
intravenously, level I, 7.5 x 10 9 colony forming units 
(CFU) per day, days 1-7 and 15-21 every 28 days; level II, 
1.1 x 1010 CFU per day, days 1-7 and 15-21 every 28 days; 
and level III, 3 x 1010 CFU per day, 5 days per week x 4 
weeks/cycle with 6 weeks rest between two cycles. A total 
of 12 patients were enrolled, only one patient with dose-
limiting toxicity manifesting as grade 3 transaminitis was 
observed at dose level II. However, the best tumor response 
was stable disease in one (8.3%) and the median time to 
tumor progression and overall survival of intent-to-treat 
population were 32 days and 3.5 months, respectively (47). 
In the second trial, the dose of Rexin-G was increased to 
1 x 1011 CFU per day, twice or thrice per week for 4 weeks 
as one cycle (dose levels 0 and I), and 2 x 1011 CFU per day, 
thrice per week for 4 weeks as one cycle (dose levels II). A 
total of 13 patients were enrolled, 6 in dose level 0-I and 7 
in dose level II. There was no DLT observed. On intent-to 
–treat analysis, the tumor control rate was 50% (3/6) and 
85.7% (6/7 with one partial responder) of patients at dose 
level 0-I and II, respectively. The median overall survival 
in corresponding group of patients was 2.6 months and 9.3 
months, respectively (48). Based on the results, the US FDA 
has granted Rexin-G fast-track designation as second-line 
treatment for pancreatic cancer in June 2009. Currently, a 
phase II/III pivotal two-arm randomized study aiming to 
validate the survival benefit of Rexin-G monotherapy versus 
physician’s choice in gemcitabine-refractory pancreatic 
cancer is under discussion.

Conclusion 

Systemic therapy for advanced pancreatic cancer has 
been largely disappointed ow ing to the unfavorable 
pharmacokinetic profile and poor penetration of current 
chemotherapeutic agents and the fragile patient population 
ha rd to tolerate tox ic combi nat ion c hemot herapy. 
Nanovector can provide passive or active targeting drug 
del iver y to reduce the system ex posure and enhance 
local drug retention in tumor tissue. In this review, we 
provide pre-clinical and clinical evidence to support the 
potential use of nanovector-based therapy in patients with 
advanced pancreatic cancer. Unfortunately, most of trials 
reported here are relatively small and without control 
group. Prospective, large-scale randomization trials are 
warranted to confirm their efficacy in this difficult tumor. 
In addition, the combination of the relatively low toxic 
nanoparticle drug with conventional cytotoxic agent and/or 
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recently emergent molecular targeted agent should also be 
investigated to improve the clinical outcomes of patients 
with advanced pancreatic cancer.
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